Summary. This study was undertaken (i) to establish a relationship between cyclic AMP (cAMP) production and the degree of LH and FSH stimulation; (ii) to determine the effects of various gonadotrophins on follicular formation of cAMP; and (iii) to identify the precise intrafollicular site of cAMP formation.
Introduction
Some of the earliest changes in ovarian tissue after stimulation by gonadotrophins are of the tissue content and release of cyclic AMP (cAMP). There is now compelling experimental support for the proposal that the stimulation of ovarian steroidogenesis by LH and FSH is mediated by cAMP (Lindner et al, 1974 ). This nucleotide, or its dibutyryl derivative, has been shown to mimic the steroidogenic action of gonadotrophins on isolated luteal and follicular tissue.
As part of a study on the action of gonadotrophins on the ovarian follicles of sheep, the role of cAMP has been investigated.
Materials and Methods
Ovaries were removed from sheep of mixed breed (mainly Merino crossbreds) within 40 min of slaughter and transported to the laboratory in ice-chilled Dulbecco phosphate-buffered saline (Commonwealth Serum Laboratories, Parkville, Victoria, Australia) containing 50 µg Kanamycin ml-1 (Sigma Chemical Company, St Louis, Missouri, U.S.A.). Follicles between 4 and 6 mm in diameter were dissected from the ovaries of sheep between Days 4 and 14 of the cycle, and were established individually in organ culture as described by Moor (1973) . The 
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genie function of the isolated follicles was assessed after 24 hr by analysis of the culture medium for immunoreactive oestrogen (Moor, Hay, McIntosh & Caldwell, 1973) . After the initial 24 hr culture period the follicles were randomly allocated to one of three experiments. Experiment 1. This experiment was to relate the amount of cAMP formed and released into the medium to the degree of gonadotrophin stimulation. The culture medium was replaced 24 hr after explantation with fresh medium or incubation buffer containing LH (NIH-LH-S18; 1-03 i.u. mg-1) or FSH (NIH-FSH-S10; 1-10 i.u. mg-1). The serum levels for the ewe range from 0-4 to 1200 ng ml"1 for LH, 120-500 ng ml"1 for FSH and 20-340 ng ml"1 for prolactin (Akbar, Nett & Niswender, 1974) . In Exp. 1(a) the concentration of gonadotrophin was kept constant at 50 mi.u. ml-1 medium, but the length of exposure of follicles to the gonadotrophin was varied from 0 to 180 min. In Exp. 1(b) the length of exposure to LH and FSH was kept constant at 40 min but the con¬ centration of gonadotrophin was varied from 0 to 200 mi.u. ml"1 medium. After culture, the follicle was transferred to an all-glass homogenizer containing the incubation buffer-1 ml 50 mM-tris-HCl buffer, pH 7-4, 8 mM-theophylline (Calbiochem, California, U.S.A.) and 6 mM-2-mercaptoethanol (Koch Light Labs Ltd, Buckinghamshire, U.K. After incubation at 4°C for at least 2 hr, 200 µ aliquots of the incubation mixtures were trans¬ ferred to small columns (1x3-5 cm) containing 0-5 g Sephadex G-25 (fine), equilibrated with buffer, to separate free and bound fractions. Elution was with buffer containing theophylline. The void volume (0-5 ml) was discarded and then the protein fraction eluted with 1 ml buffer collected directly into scintillation vials. Scintillator fluid (10 ml Triton X-100:toluene-PPO-POPOP scintillator, 1:2 (v/v)) was added and the radioactivity determined. In all assays two unequal portions of extracts were measured to confirm that parallelism existed between the standard curve and the curve relating to the values obtained. The recovery obtained was 80 %.
Testing with a wide range of nucleotides showed that the specificity of the sheep adrenal binding protein was very similar to that described for cattle adrenal tissue (Brown et al, 1971) .
The intra-and inter-assay coefficients of variation were 12% {n = 36) and 14% (n = 10), respec¬ tively. The minimum amount of cAMP that could be detected was 0-4 pmol ml-1.
Appropriate allowances were made for dilution and the results were expressed in pmol cAMP (mg follicular tissue)-1. Wet weights of follicular tissue were determined from mean follicular diameters using the relationship:
where D = diameter of the follicle in mm and Y = wet weight of tissue in mg. The weights of separated theca and granulosa tissue were determined from the relationship :
where and G are the weights in mg of theca interna and membrana granulosa, respectively. These relationships were determined by weighing follicular tissue after removing the follicular fluid from 95 follicles, and by calculations based on direct measurements of the thicknesses of the theca interna and granulosa cell layers, assuming a tissue density of 1. The mean (±S.E.M.) thick¬ nesses of the theca interna and membrana granulosa measured in 65 follicles (5 measurements per follicle), were 55 ± 3-5 µ and 110 ± 2-5 µ respectively. These measurements indicated a total mean follicular wall thickness of 165 ± 4-3 µ whereas the mean figure derived from calculations based on the weight regression was 209 ± 5-0 µ . However, in the direct measurements of tissue thickness, no allowance was made for shrinkage and in the direct measurements of tissue weight it proved impossible to remove all follicular fluid without loss of granulosa cells.
Results

Basal cAMP levels
The mean (+S.E.M.) tissue content of cAMP in 18 unstimulated follicles determined after 18-24 hr in culture was 1-1 ± 006 pmol mg-1 and the content in the medium was equivalent to a release of 0-35 ± 0-05 pmol mg-1 tissue. No relationship was apparent between the level of released cAMP and the production of oestrogen by individual follicles.
Experiment 1
After the addition of gonadotrophin there was a rapid rise in tissue cAMP and a subsequent increase in the levels of cAMP in the medium (Table 1) . Addition of LH caused a significant ( < 005) increase in cAMP concentrations in the tissue within 5 min. Maximum levels were reached at about 90 min and were maintained for up to 180 min. The concentration of cAMP in the medium was significantly different (P < 0-05) from the control value at 15 min and continued to increase through¬ out the period of observation.
A similar pattern of cAMP production was seen following treatment with FSH (Table 1) , but the amounts formed were less than those observed after the addition of LH.
When the concentrations of FSH or LH were increased (Table 2) , there was an increase in cAMP production up to about 40 mi.u. ml-1 medium. No further cAMP production occurred with addition of hormone at concentrations up to 100 mi.u. ml-1, but 200 mi.u. ml-1 caused a marked rise (P < 0-01) in the tissue content of cAMP. The plateau in the dose-response and time course of both LH and FSH was an inexplicable but repeatable phenomenon. Experiment 2 The addition of HCG, PGE-2 and noradrenaline caused increases in the tissue content of cAMP, whereas prolactin, PGF-2a, serotonin and melatonin were without effect (Table 3) . 
Experiment 3
No differences were found between cAMP formation in culture medium and in incubation buffer.
Irrespective of whether the thecal and granulosa cells were exposed to HCG before or after separation, the total amount of cAMP formed in the isolated tissues was always similar to that produced by the intact follicle (Table 4) . When the theca and granulosa layers were separated after the intact follicle had been incubated with HCG for 40 min about 50 % of the cAMP was associated with each cellular component. 
1-1 ± 0-6 (18) 4-8 ± 0-2 (26) 1-5 ± 0-6 (26) 0-2+ 003 (7) 51-9 ± 12-0 (16) 2-8 ±0-6 (9) 49-2 3-3 ±7-1 (10) + 0-4 (10)
39-4 ± 8-0 34-3 ± 7-1 0-2 ± 0-02 2-7+ 0-8 0-2+ 005 (7) (7)
(4)
N.S. N.S. N.S. < 002 N.S.
The number of follicles in each group is shown in parentheses. * Calculated for effect of treatment with theophylline using Student's t test.
A different pattern of cAMP distribution was observed when the tissue components were first separated and then treated individually with HCG (Table 4) . Almost all cAMP formation was associated with the thecal component ; less than 3 % of the total cAMP production occurred in the isolated membrana granulosa. Similar differences in the amount of cAMP formed by thecal and granulosa cells were found when the tissues were exposed to other gonadotrophins and PGE-2 after separation (Table 5 ). (Zeleznik, Midgley & Reichert, 1974 (Davoren & Sutherland, 1963) , rat liver (Broadus et al, 1970) , adrenal (Carchman, Jaanus & Rubin, 1971 ; Peytremann, Nicholson, Hardman & Liddle, 1973) , testis (Dufau, Watanabe & Catt, 1973) and prepubertal rat ovaries stimulated with gonadotrophin or PGE-2 (K. Ahrén, personal communication). Our present results suggest that cAMP might in certain circumstances act widely as a diffusion activator (Huxley, 1935 (Hay & Moor, 1975) might provide one such means of rapid intracellular communication. These junctions are highly differentiated areas of the plasma membrane which allow a relatively unimpeded transcellular flow of ions and other small molecules (Bennett, 1973) . The available evidence indicates that substances with mole¬ cular dimensions comparable to that of cAMP can pass readily through gap junctions (Sheridan, 1971) .
The observed effects of FSH and prolactin on cAMP formation could be accounted for by LH contamination of the preparations used. However, it has been shown that FSH, freed of contamina¬ tion with LH, can itselfstimulate cAMP formation in follicles obtained from PMSG-treated immature rats (Koch et al, 1973; Nilsson, Rosberg & Ahrén, 1974) .
The stimulatory effect of noradrenaline on cAMP formation indicates that the potential involve¬ ment of the catecholamines in ovarian function warrants further detailed investigation, since an influence of monoamines on ovarian vascular control and on the process of ovulation has been suggested (O'Shea & Phillips, 1974) .
The gonadotrophins were the gift of the N.I.H., Bethesda, Maryland, U.S.A. and the prostaglandins were donated by Dr Irvine of Upjohn Pty. Ltd.
